A simple shield made of a folded silastic sheet is described for the protection of the externalized portion of a permanent biliary cannula in rats. Advantages of this shield are its light weight, flexibility, transparency, and ease of resealing for repeated interruption of hepatobiliary circulation. Since the shield is positioned around rather than being a segment of the cannula, a single length of tubing can be used.
Rats with permanent bile duct cannulas have provided valuable information about factors which confound or regulate bile formation. For example, anaesthetic agents, chronic drainage, fasting, and circadian variation have been found to significantly alter biliary flow rate as well as biliary secretion of endogenous and exogenous solutes (Cooper et al., 1976; Vonk et al., 1978a Vonk et al., , 1978b Kuipers et al., 1985a Kuipers et al., , 1985b . However, as the elegant report of Kuipers et al. (1985a) indicated, biliary functions can be studied under physiological conditions without the confounding effects of anaesthetics or chronic drainage in freely moving rats with a permanent bile duct to duodenum cannula that maintains enterohepatic circulation. These investigators allowed an interval of one week between the surgery and the biliary function studies for the animals to recover from the surgical trauma and return to normal patterns of food intake and weight gain.
A technical problem which had to be resolved for successful use of a chronic biliary cannula in the rat is protection of the externalized portion of the cannula from the claws and teeth of the rats and other sharp objects during the recovery interval between surgery and function studies. Kuipers et al. (1985a) used a bent piece of stainless steel tubing to connect the fistula cannulas at their externalization site on the top of the skull. In this paper we describe an alternative type of protection using a flexible shield prepared from a folded silastic sheet that is stitched around the externalized loop of the cannula at the scapular region.
Materials and metbods
Silastic sheeting (0·5 mm thick) was obtained from Dow Corning Corporation (Midland, Michigan, USA) and cut into rectangles (15 x 25 mm). The shield is prepared by folding the rectangles in half over the larger dimension and stitching the 4 corners and 2 sides together with 5/0 silk sutures ( Fig. 1 ). Prior to surgery, the shield is sterilized either by autoclaving or by soaking in 100070ethanol.
Sterile techniques were used to position a bile duct to duodenum cannula made from silastic tubing (i.d. 0·5 mm) in rats anaesthetized with ether (Sprague Dawley males, 250-300 g from Harlan, Indianapolis, USA) based on the detailed procedure of Kuipers et al. (1985a) . We modified this procedure by using a single length of silastic tubing. The centre loop of the tubing was pulled through the left wall of the abdominal muscles and tunnelled under the skin towards a short ( -10 mm) incision across the scapular region. A loop of the silastic tubing was gently pulled through the incision and inside the long open end of the folded silastic sheet. The silastic sheet was then stitched to the skin at each end of the incision (Fig. 2) . A stitch was also placed in the centre of the folded silastic sheet below the loop to keep the cannula inside the shield. All incision sites were infiltrated with a long lasting local analgesic (0,25070 bupivacaine Hel, Sensorcaine) to minimize discomfort after recovery from the anaesthesia.
In the recovery interval between surgery and experiments, the animals did not require any special treatment -such as tethers or restricted 37 movement. However, each was individually housed in wire bottom plastic cages with all potentially abrasive surfaces such as the metal food hopper removed.
Six to 10 days after surgery, animals were used for hepatobiliary function studies. The top of the shield was cut open and the cannula severed. A length of PE 50 tubing was inserted into the bile duct 'end' of the opened fistula and the bile was collected in microcentrifuge tubes taped to the animal's back.
Results and discussion Silastic shields protected the externalized loops of biliary cannulas for periods of 6 to 10 days in more than 50 rats. These animals were used for a variety of biliary function studies at one or more time points (Moslen et al., 1988; Kaphalia et al., 1988) . The animals did not appear restricted in motion or bothered in any other way by the lightweight (0' 2 g), flexible shields. The smooth surfaces of the shield effectively prevented the animals from snagging, tearing or gnawing the exposed loop of the cannula. Also with the shield in place, none of the cannulas retracted back under the skin of the animals. Sites of attachment to the skin developed signs of sepsis in less than 50/0 of animals. Prior to our adoption of this shield, approximately half the rats we prepared with an unprotected biliary cannula damaged the cannula at least once during the postsurgery recovery week and then often could not be used because of extensive bile loss. After 10 days, the shields afforded inconsistent protection because the skin at the incision site became friable and the sutures pulled out during the rats' habitual grooming. We have, however, extended the duration of shield prot ection to 2 weeks by resuturing the shield to a new region of skin at the end of the first week using a local analgesic (Sensorcaine) and gentle hand restraint.
Silastic sheeting provides a very useful material to prepare a shield for any exteriorized cannula because the durable sheeting is lightweight, smooth-surfaced, flexible, transparent as well as easily resealed. Flexibility is an important advantage since even transient pressure or constriction of the biliary cannula results in distension of the biliary tree and impeded bile secretion of biliary constituents (Barber-Riley, 1963; Kloppel et al., 1987) . Transparency allows direct inspection of contents and detection of abnormalities in bile colour or consistency. Bile constituents can readily be examined at multiple time points in each animal because the shield is easily opened and resealed. We reconnected the severed ends of the cannula with a short length of V-shaped PE 50 tubing and resealed the shield with sutures at the top corners and top centre. In addition, since the shield is positioned around the tubing rather than being a segment of it, the cannula c'an be constructed of a single length of silastic tubing without connections of varying diameters. This is a significant advantage since reduction of biliary cannula diameter is known to impede biliary secretion (Reichen & Le, 1984) .
